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(G) Arrangement of nozzles with negative pressure for the treatment of webs. 

(57) Arrangement of nozzles with negative press- 
ure intended for the treatment of webs, com- 
prising a nozzle (50), which directs a drying and 
supporting gas flow (SO at the web (W) and 
which has a box construction, and a nozzJe 
space (55) formed at one side of the nozzle (50), 
which nozzle space (55) is provided with a 
nozzle slot (R,) defined by nozzle walls (56b,Ai), 
one of which walls operates as a curved guide 
face (A^, which is fitted to turn the gas flow (S^ 
passed out of the nozzle slot (R,), based on the 
Coanda effect, so as to make it parallel to the 
carrier face (KP0 formed on the top face of the 
nozzle (50). At a distance, in the direction of 
running of the web (W), before said first nozzle 
slot (R,), at least one second nozzle slot (R 2 ) is 
provided and, in view of improving the heat 
transfer coefficient, the flow (SJ guiding fitted 
in connection with the second nozzle slot (R 2 ) is 
arranged so that the flow (S 2 ) has a substantially 
large velocity component (Vp) perpendicular to 
the direction of running of the web (W). The 
velocity component (v s ) parallel to the plane of 
running of the web (W) of the flow (SJ passed 
out of the second nozzle slot (R 2 ) is larger than 
zero. 
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The invention concerns an arrangement of noz- 
zles with negative pressure intended for the treat- 
ment of webs, comprising a nozzle, which directs a 
drying and supporting gas flow at the web and which 
has a box construction, and a nozzle space formed 
at one side of the nozzle, which nozzle space is pro- 
vided with a nozzle slot defined by nozzle walls, one 
of which walls operates as a curved guide face, which 
is fitted to turn the gas flow passed out of the nozzle 
slot based on the Coanda effect, so as to make it par- 
allel to the carrier face formed on the top face of the 
nozzle. 

Further, the invention concerns a method in an 
arrangement of nozzles with negative pressure in- 
tended for the treatment of webs, in which method 
the web is supported and dried by means of a gas 
flow which is blown so that the gas flow turns and be- 
comes parallel to the direction of running of the web. 

The nozzle arrangement subject of the invention 
is intended for contact-free support and treatment, 
such as drying or heat treatment, of paper webs and 
other continuous webs. The nozzle arrangement sub- 
ject of the invention is particularly well suitable for 
use for contact-free support and drying applications 
of undried, coated web. The nozzle arrangement sub- 
ject of the invention is intended for use, e.g., in an air- 
borne web dryer, in which such nozzle arrangements 
are placed either at both sides of the web or at one 
side of the web only and in which air is blown through 
the nozzles to support, to dry, or to heat the web. 

Devices based on blowing of gas are employed 
commonly in the manufacture and refining of paper. 
In said devices, the gas that is blown is passed by 
means of various nozzle arrangements to one side or 
both sides of the web, whereupon the treatment gas 
is sucked off for renewed use or for removal, and/or 
the treatment gas is allowed to be discharged to the 
sides of the web. 

The prior-art devices based on contact-free treat- 
ment of a web consist of a number of nozzle boxes, 
out of whose nozzles a gas flow that supports and 
dries the web is applied to the web. The prior-art noz- 
zles in said devices can be divided into two groups: 
nozzles with pressure and nozzles with negative 
pressure, the operation of the pressure nozzle being 
based on the principle of air cushion, whereas the 
nozzles with negative pressure produce a dynamic 
field of negative pressure, and their carrier face at- 
tracts the web and stabilizes the run of the web. As 
is well known, the attractive force applied to the web 
is based on a gas flow field parallel to the web, which 
field forms a dynamic negative pressure between the 
web and the carrier face of the nozzle. Both in the 
pressure nozzles and in the nozzles with negative 
pressure, the socailed Coanda effect is commonly 
utilized to guide the air in the desired direction. 

In the pressure nozzles, in a way known in prior 
art, an area with positive pressure is formed between 



the web and the carrier face of the nozzle, which 
pressure attempts to push the web apart from the 
nozzle, as is shown in Fig. B1. Thus, nozzles with 
negative pressure must always be placed at both 

5 sides of the web, whereby the pushing forces com- 
pensate for each other and the web runs approxi- 
mately at the middle. The pushing force, repulsion, 
applied to the web at a pressure nozzle is at all dis- 
tances higher than, or equal to, 0. Fig. B2 illustrates 

10 the pushing force produced by such a prior-art pres- 
sure nozzle and applied to the web as a function of 
the distance between the web and the nozzle. 

At a nozzle with negative pressure, between the 
nozzle and the web, an area with a slight negative 

15 pressure is formed, which stabilizes the web at a cer- 
tain distance from the carrier face. The formation of 
the negative pressure results from the mode of blow- 
ing of the air, in which the air jet is guided to run as 
parallel to the carrier face and to the web, as comes 

20 out from Fig. A1 in the drawing. At very short distanc- 
es between the carrier face of the nozzle and the 
web, a pushing force is applied to the web, at longer 
distances an attractive force. Fig. A2 illustrates the at- 
tractive/pushing force applied to the web in connec- 

25 tion with a prior-art nozzle with negative pressure as 
a function of the distance between the web and the 
nozzle. 

The force applied by pressure nozzles to the web 
is relatively high. Thus, by means of pressure noz- 

30 zles, it is possible to treat heavy and fully non-stretch- 
ing webs. Most of the prior-art nozzles with positive 
pressure, however, apply sharp jets substantially per- 
pendicularly to the web, thereby producing an un- 
even distribution of the heat transfer coefficient in the 

35 longitudinal direction, which frequently causes dam- 
age to the quality of the web that is treated. 

The force applied to the web by the prior-art noz- 
zles with negative pressure is relatively low, for which 
reason these nozzles are, as a rule, not employed for 

40 the treatment of heavy webs or when the tension of 
the web is low. Thus, nozzles with negative pressure 
are, as a rule, employed in devices whose length 
does exceed 5 m and at whose both sides guide rolls 
are placed to support the web. 

45 In respect of the prior art connected with and 
closely related to the present invention, reference is 
made to the Fl Patents Nos. 60.261. 68,723, and 
77,708 as well as to O.W. Mc Glaughlin. I. Greber. The 
American Society of Mechanical Engineers, Advanc- 

50 es,in Fluids 1976 , "Experiments on the Separation of 
a Fluid Jet from a Curved Surface", pages 14...29. 
Among these publications, the patents 60,261 and 
77,708 describe pressure nozzles, and the Fl Patent 
68,723 describes a nozzle for an airborne web dryer 

55 by whose means a drying and supporting gas flow 
with negative pressure is applied to the web to be 
dried. 

In the solution known from the Fl Patent 68,723 
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it has been considered novel that the nozzle slot of 
the nozzle is placed, in a way in itself known, in the 
gas flow direction, before the level of the inlet edge 
of the curved guide face and that, with the occurring 
gas flow rates, the ratio between the width of the noz- 
zle slot and the curve radius of said guide face has 
been chosen so that the gas flow is separated from 
the curved guide face substantially before its trailing 
edge. In said prior-art solution, the nozzle comprises 
a nozzle box, at one of whose sides there is a nozzle 
slot, which is defined by the front plate of the flow, on 
one hand, and by the front wall of the nozzle chamber, 
on the other hand, going on as a curved flow guide 
face and further as a deck part 

The cited paper "Experiments on the Separation 
of a Fluid Jet from a Curved Surface* examines the 
mechanisms of separation of a flow jet from a curved 
wall and the various parameters affecting same. With 
regard to the present invention, those results are rel- 
evant that come out from the graphic presentation in 
Fig. 5 on page 21 of said paper, in which presentation 
a cluster of curves is shown in a system of coordin- 
ates, in which the vertical axis represents the angle 
of separation and the horizontal axis represents the 
Reynolds number. The parameter of the cluster of 
curves is the ratio W/R = ratio of the width of the noz- 
zle slot to the curve radius of the face. It comes out 
from these study results that, with the flow parame- 
ters occurring in the nozzle constructions, the follow 
angle o is, as a rule, in the range of 45...70 0 . 

The objective of the operation of the nozzle with 
negative pressure subject of the invention is to pro- 
vide a gas flow field which is parallel to the web, which 
attracts the web, and which stabilizes the run of the 
web at a certain distance from the carrier face of the 
nozzle. In a gas flow produced by a nozzle with neg- 
ative pressure, the transfer of heat in the longitudinal 
direction of the web is even, so that the nozzles with 
negative pressure are also suitable for the treatment 
of sensitive materials. Likewise, they can be used for 
one-sided treatment of a web. 

The object of the invention is in particular to pro- 
vide a nozzle with negative pressure by whose means 
an increased heat transfer capacity and an improved 
conduct of the web are obtained, as compared with 
the prior-art nozzles, when the quantity of air used 
per unit of area of the web and the blower power are 
equal. 

In view of achieving the objectives stated above 
and those that will come out later, the arrangement 
of nozzles with negative pressure in accordance with 
the invention is mainly characterized in that at a dis- 
tance, in the direction of running of the web, before 
said first nozzle slot, at least one second nozzle slot 
is provided, and that, in view of improving the heat 
transfer coefficient, the flow guiding fitted in connec- 
tion with the second nozzle slot is arranged so that 
the flow has a substantially large velocity component 



perpendicular to the direction of running of the web, 
and that the velocity component parallel to the plane 
of running of the web of the flow passed out of the 
second nozzle slot is larger than zero. 
5 The method in accordance with the invention is 

mainly characterized in that, besides by means of 
said first gas flow, the web is also supported and 
dried by means of at least one second gas flow, which 
is blown, in the direction of running of the web, before 
10 the first gas flow, and that the second gas flow is di- 
rected so that said second flow has a substantially 
large velocity component perpendicular to the direc- 
tion of running of the web and that the velocity com- 
ponent parallel to the direction of running of the web 
15 is larger than zero. 

Further advantageous characteristic features of 
the invention are stated in the patent claims 2 to 9. 

The inventive solution is based on a novel geo- 
metric design of the nozzle and on a novel principle 
20 of air blowing. 

In the arrangement in accordance with the inven- 
tion, the drying and supporting gas flow is blown out 
of the nozzle slots as two flows, of which the latter 
one, in the direction of running of the web, is turned, 
25 because of the Coanda effect parallel to the carrier 
face, whereas the other one is directed at a suitable 
angle in relation to the carrier face, so that the flow 
does not follow the carrier face but is directed towards 
the web, whereby a more efficient transfer of heat is 
30 obtained. The guide face of said other air flow is not 
curved, in which case the jet is separated from the 
carrier face more readily. Further, in the arrangement 
in accordance with the invention, it is preferable that 
the distance of the former carrier face, in the direc- 
35 tion of running of the web. from the web is slightly 
larger than the distance of the latter carrier face, in 
the direction of running of the web, and hereby it is 
prevented that the flow directed towards the web 
should push the web further apart from the nozzle. 
40 In the following, the invention will be described in 

detail with reference to some exemplifying embodi- 
ments of the invention illustrated in the figures in the 
accompanying drawing, the invention being, how- 
ever, not supposed to be strictly confined to said ex- 
45 emplifying embodiments. 

Figure A1 is a schematic illustration of a prior-art 
nozzle with negative pressure. 

Figure A2 shows the attracting/pushing force ap- 
plied to the web as a function of the distance between 
so the carrier face of a prior-art nozzle with negative 
pressure and the web. 

Figure B1 is a schematic illustration of a prior-art 
nozzle with positive pressure. 

Figure B2 shows the pushing force obtained with 
55 a prior-art nozzle with positive pressure as a function 
of the distance between the web and the carrier face 
of the nozzle. 

Figure 1 is a schematic illustration of an exempti- 
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fying embodiment of the nozzle arrangement in ac- 
cordance with the invention. 

Figure 2 shows the heat transfer capacity of a 
nozzle in accordance with the invention as a function 
of the distance between the carrier face of the nozzle 5 
and the web as compared with the corresponding ca- 
pacity of a prior-art nozzle. 

Figure 3 shows the intensities of a sine wave 
measured for a nozzle in accordance with the inven- 
tion and for a prior-art nozzle as a function of the web 10 
tension. 

Figure 4 shows the intensities of a sine wave 
measured for a nozzle in accordance with the inven- 
tion and for a prior-art nozzle as a function of the blow 
speed. is 

Figure 5 shows an exemplifying embodiment of a 
solution of the area of the nozzle openings in an ar- 
rangement of nozzles with negative pressure in ac- 
cordance with the invention. 

Figure 6 shows a second exemplifying embodi- 20 
ment of the area of the nozzle openings in an ar- 
rangement of nozzles with negative pressure in ac- 
cordance with the invention. 

Figure 7 is a schematic illustration of principle of 
the field of nozzles and the run of the web achieved 25 
by means of a nozzle in accordance with the inven- 
tion. 

Figure 8 is a schematic illustration of a two-sided 
airborne web dryer provided with nozzles with nega- 
tive pressure in accordance with the invention. 30 

Figure 9 is a schematic sectional view A through 
Fig. 8, i.e. a sectional view seen in the running direc- 
tion of the web. 

Fig. A 1 is a schematic illustration of principle of a 
prior-art nozzle with negative pressure. The carrier 35 
face KP of the nozzle 10 with negative pressure 
guides the air flow S which is discharged from the 
nozzle slot R of the nozzle 10 with negative pressure. 
The distance between the web W and the carrier face 
KP of the nozzle 10 is denoted with the reference H. 40 
Between the nozzle 10 with negative pressure and 
the web W, an area of slight negative pressure is 
formed, which stabilizes the web W at a certain dis- 
tance, e.g. at about 5...S mm, from the carrier face KP. 
The formation of the negative pressure is a conse- 45 
quence of the mode of blowing of the air in which the 
air jet S is guided to run as parallel to the carrier face 
KP and to t he web W. At very short distances between 
the nozzle 10 and the web W, a pushing force is ap- 
plied to the web W f and at larger distances H an at- so 
tracting force, which comes out from Fig. A2. Fig. A2 
illustrates the attracting/pushing force F applied to 
the web W as a function of the distance H between 
the nozzle and the web W. The attracting force is rep- 
resented by the negative portion of the function and 55 
the pushing force by the positive portion. 

As is shown in Fig. A1 f based on the Coanda ef- 
fect, the flow S discharged from the nozzle slot R fol- 



lows the curved guide face A on the sector e, which 
varies within the range of 45°...70°, in accordance 
with what was stated above. The flow is separated 
from the curved guide face A if the velocity vector v 
of the flow has a remarkably large velocity compo- 
nent v p perpendicular to the web W (not shown in the 
figure). Of course, if the angle 0 is larger than 45°, the 
velocity component v s parallel to the web W of the 
flow is larger than the velocity component v p perpen- 
dicular to the web. 

Figs. 61-B2 are schematic illustrations of a prior- 
art solution of a nozzle with positive pressure, Fig. 
B1, and of the force F produced by such a nozzle and 
applied to the web W as a function of the distance H 
between the web W and the carrier face KP of the 
nozzle, Fig. B2. In the nozzle 20 with positive pres- 
sure, an area with positive pressure is formed be- 
tween the web W and the carrier face KP of the noz- 
zle 20, which area attempts to push the web W apart 
from the nozzle 20. Thus, nozzles 20 with positive 
pressure must always be placed at both sides of the 
web W, in which case the pushing forces compensate 
for each other and the web W runs approximately in 
the middle. At a nozzle 20 with positive pressure, the 
force applied to the web is at all distances higher than 
0, as comes out from Fig. B2, i.e. a pushing force is 
applied to the web W. 

Fig. 1 is a schematic illustration of a nozzle 50, 
which has a box construction. The box construction 
consists of a rear wall 51 , a bottom wall 49, a top wait 
53, and a front wall 52. On the top face of the top wall 
53, a carrier face KP, is formed. In the interior of the 
nozzle 50, a chamber 48 is formed, in which a nozzle 
space 55 has been defined by means of partition 
walls, for example a partition wall 54 parallel to the 
bottom wall 49 and a partition wall 47 parallel to the 
rear and front walls 51,52. The drying gas is passed 
into the chamber 48. The drying gas is passed out of 
the chamber 48 as a flow P into the nozzle space 55, 
for example, through openings 54a made into the 
partition wall 54 parallel to the bottom wall 49 of the 
nozzle space 55. In the exemplifying embodiment as 
shown in Fig. 1, nozzle slots and R 2 have been 
formed in the nozzle space 55 so that the nozzle 
walls A!;56b of the first nozzle slot R1 are formed of 
the guide face A, connected with the partition wall 47 
in the chamber 48 and of the rear wall 56b of the in- 
termediate piece 56 in the nozzle space 55, and the 
nozzle walls 52a, 56a of the second nozzle slot R 2 are 
formed of the extension 52a of the frontwall 52 of the 
chamber 48 and of the frontwall 56a of the intermedi- 
ate piece 56. For the purpose of formation of the noz- 
zle walls 56a,56b, between the nozzle slots R 1( R 2 in 
the nozzle space 55 there is an intermediate piece 
56, which comprises a rear wall 56b, a front wall 56a, 
and a top wall 57, on whose top face the carrier face 
KP 2 is formed. 

The nozzle slot R t becomes narrower in the run- 
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ning direction of the drying gas flow S, so that the 
narrowest point is placed at the outlet opening. The 
narrowing angle fa is 10°. ..40°, preferably about 30°. 
The narrowing angle p 2 of the nozzle slot R 2 is 
20°...50°, preferably 3Q°...40°. 

The first nozzle slot ^ and the second nozzle slot 
R 2 are placed at a distance from one another substan- 
tially at the same side of the nozzle 50 at the side of 
the inlet direction of the web W. In the direction of run- 
ning of the web W, the second nozzle slot R 2 is placed 
before the first nozzle slot R v Out of the nozzle slot 
R 1( the gas flow is discharged, being guided by the 
curved guide face A„ into the space between the web 
W and the nozzle 50 and, based on the Coanda ef- 
fect, turns and becomes parallel to the first carrier 
face KP U The air from the nozzle slot R 2 is guided as 
a flow S 2 towards the web W, whereby a higher heat 
transfer coefficient is obtained than by turning the 
flow so that it becomes parallel to the carrier face 
KP 2 . The velocity component v p perpendicular to the 
direction of the web W of the drying-gas flow S 2 dis- 
charged out of the nozzle slot R 2 is sufficiently large 
in relation to the velocity component v s parallel to the 
plane of running of the web W of the flow S 2 , in which 
case the flow S 2 does not start following the carrier 
face KP 2 but is directed towards the web W. The ve- 
locity component v s parallel to the plane of running of 
the web W is larger than zero. The ratio Vp/v s of the 
velocity components v p and v s is in the range of 
0.4...2.0, preferably in the range of 0.8...1.5; Vp/v s = 
tan <x 2 . 

In the arrangement of nozzles with negative 
pressure in accordance with the invention, drying gas 
is blown out of the nozzle slots R, and R 2 . Owing to 
the Coanda effect, the flow St blown out of the slot 
R 1 is turned parallel to the carrier face KP 1( and the 
flow S 2 is blown out of the slot R 2 , which flow is direct- 
ed at a suitable angle a 2 in relation to the carrier face 
KP 2 so that the flow S 2 does not follow the carrier face 
KP 2 but is directed towards the web W, whereby a 
more efficient transfer of heat is achieved. In view of 
the separation of the flow, it is preferable that the 
edge A 2 , which constitutes an extension of the front 
wall 56a of the intermediate piece 56 and which acts 
as a guide face, is not rounded. The angle formed by 
the edge A 2 is equal to 180° - a 2 . Further, it is prefer- 
able that the distance H 2 of the carrier face KP 2 from 
the web W is slightly larger than the distance Hi of 
the carrier face KP, from the web W in order that the 
flow S 2 should not push the web W further apart from 
the nozzle. 

The dimensional proportions of the nozzle 50 de- 
noted* in Fig. 1 are, for example, of such an order of 
magnitude that the distance a of the second nozzle 
slot R 2 from the front wall 52 of the nozzle 50 is 20 
mm, the distance b between the nozzle slots Rt and 
R 2 is 30 mm. the distance c of the first nozzle slot Ri 
from the rear wall 51 of the nozzle 50 is 60 mm, the 



width of the nozzle slot is 2 mm, and the width of 
the nozzle slot R 2 is 1 mm. If necessary, the nozzle 
50 can also be manufactured on different scales so 
that the dimensions given above are multiplied, e.g., 

5 by a scate factor 0.5...2.5, preferably 0.8.. .2.0. The 
blow velocity employed in the nozzle 50 in each noz- 
zle slot R, and R 2 is preferably of an order of 30...60 
m/s. The distance of the carrier face KP, from the 
web W is 3... 10 mm, preferably 4... 7 mm, and the dis- 

10 tance H 2 of the carrier face KP 2 from the web W is 
6... 15 mm, preferably 7.. .11 mm. 

In addition to the above, the nozzle 50 can be de- 
signed, e.g., so that for each nozzle slot R 1t R 2 a noz- 
zle space 55 of its own is formed in the nozzle 50. 

15 Fig. 2 illustrates the heat transfer capacity of an 
arrangement of nozzles with negative pressure in ac- 
cordance with the invention as compared with a prior 
art nozzle of corresponding type in an example test. 
The heat transfer coefficient a obtained by means of 

20 the solution of the invention as a function of the dis- 
tance H between the nozzle and the web is illustrated 
by the solid line, and the heat transfer factor a of the 
prior-art nozzle as a function of the distance between 
the nozzle and the web by the dashed line. In the test, 

25 the following values were used: blow velocity 60 m/s 
with both nozzles, width of nozzle slot 2.5 mm with 
the prior-art nozzle and total width of the two nozzle 
slots of the nozzle of the invention 3.0 mm, spacing 
of nozzles with the prior-art nozzle 180 mm and with 

30 the nozzle of the invention 220 mm, and the air quan- 
tity blown with the prior-art nozzle 0.83 m 3 /m 2 /s, and 
with the nozzle of the invention 0.82 m 3 /m 2 /s. On the 
vertical axis the heat transfer coefficient a is given as 
the units W/m 2 /°C. As comes out from the figure, the 

35 nozzle in accordance with the invention is about 10 
% more efficient than the nozzles known in prior art. 

Fig. 3 illustrates the intensities of the sine wave 
as a function of the web tension in a test example, 
measured for the nozzle of the invention (solid line) 

40 and for a prior-art nozzle (dashed line). The unit of in- 
tensity of the sine wave used has been the height A 
of the wave as millimetres, and the unit of web tension 
R k has been N/m. In said measurement, an LWC-pa- 
per was used while the spacing of nozzles was 220 

45 mm. the blow velocity 45 m/s. the distance between 
the web and the nozzle 6 mm, and the web speed 400 
m/min. 

Fig. 4 illustrates the intensity of the sine wave as 
a function of the blow velocity PS for a nozzle of the 

so invention with a solid line and for a prior-art nozzle 
with a dashed line. The values used in the test were 
the same as those in the preceding example, while 
the web tension was 250 N/m. The unit of intensity of 
the sine wave was the height of the wave as millime- 

55 tres and the unit of the blow velocity PS was m/s. 

In both examples, the nozzle in accordance with 
the invention provided a clearly stronger sine wave, 
which also provides a better running quality. In the 
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runnability test runs carried out it was noticed that 
the nozzle in accordance with the invention, as com- 
pared with the prior-art nozzle, possessed a stronger 
sine wave and produced a more stable run of the web 
and less folds in the machine direction. 5 

Figs. 5 and 6 are schematic illustrations of two ex- 
emplifying embodiments of the design of the second 
carrier face KP 2 . Fig. 5 shows an embodiment in 
which the carrier face KP 2 between the nozzle slots 
R 1 and R 2 is shaped as a recess, and in Fig. 6 the car- 10 
rier face KP 2 between the nozzle slots Ri,R 2 is plane. 
In the exemplifying embodiment as shown in Fig. 5 
the intermediate piece 56, which forms the nozzle 
slots R, and R 2 with the walls 47 and 52, respectively, 
is designed as U-shaped, so that the carrier face KP 2 is 
does not become plane. In respect of the rest of its 
construction, the embodiment shown in Fig. 5 corre- 
sponds to that shown in Fig. 1. In Fig. 6, the inter- 
mediate piece 56, which formes the nozzle slots 
R 1( R 2 with the walls 47 and 52, is closed so that the 20 
wall 57 forms a plane carrier face KP 2 on its top face. 

Fig. 7 is a schematic illustration of an example of 
an arrangement of nozzles with negative pressure in 
accordance with the invention and of the run of the 
web W when such an arrangement of nozzles with 25 
negative pressure is employed. The nozzles 50 are 
placed at both sides of the web so that the drying-gas 
flows Si,S2 that are blown support the web W evenly. 
Of course, the nozzles 50 may be placed at one side 
of the web only, and besides the shape in accordance 30 
with Fig. 5, the nozzle 50 may also be, for example, 
similar to that shown in Fig. 1 or 6. 

Fig. 8 is a schematic illustration of a dryer provid- 
ed with nozzles in accordance with the invention. At 
both sides of the web W, nozzles 50 are provided, 35 
through which drying gas S is blown to support and 
to dry the web W. The return flow is denoted with the 
reference arrows Y. The return flow Y returns into the 
return duct 60. From the inlet duct 65. the drying gas 
is passed into the nozzles 50. The reference numeral 40 
70 represents the frame constructions of the dryer. 

Fig. 9 is a sectional view of the dryer as seen in 
the direction of running of the web W, said view being 
the section A denoted in Fig. 8. From the distribution 
box 62, the drying gas is passed both to the upper 45 
boxes and to the lower boxes of the airborne web dry- 
er. The inlet ducts 65 communicate with the distribu- 
tion box 62 for intake air, which is placed at the side 
of the dryer, through resilient connectors 61 . In a cor- 
responding way, the exhaust ducts communicate with so 
the distribution box for exhaust air through resilient 
connectors. The resilient connectors and the distrib- 
ution boxes are air ducts, and the dryer is supported 
on the frame separately by means of other devices 
(not shown). From the inlet duct 65 the drying gas is 55 
passed through the distribution ducts 67 into the noz- 
zles 50, from which the drying gas is blown further to 
support and to dry the web W. 



Even though, in Figs. 7, 8 and 9, nozzles 50 are 
shown as placed at both sides of the web W, it should 
be emphasized that the nozzle construction in accor- 
dance with the invention can also be applied to air- 
borne web dryers in which nozzles 50 are placed at 
one side of the web W only. 

In the solution in accordance with the invention, 
besides in the way shown in the figures, the second 
nozzle slot R 2 may also be shaped in other ways, for 
example in accordance with what is shown in Fig. 2 
in the Fl Patent 68,723. It is essential that the gas 
flow S 2 does not follow the carrier face KP 2 but is di- 
rected at the web W. 

In the exemplifying embodiments shown in the 
figures, the velocity component v s parallel to the web 
W running plane is shown as parallel to the running 
direction of the web W. It is also included in the inven- 
tive idea that the running direction of the web may 
also be opposite to that shown in Fig. 1. 

Above, the invention has been described with 
reference to some preferred exemplifying embodi- 
ments of same only. This is, however, in no way sup- 
posed to restrict the invention to these embodiments 
only, but many modifications and variations are pos- 
sible within the scope of the inventive idea defined in 
the following claims. 



Claims 

1. Arrangement of nozzles with negative pressure 
intended for the treatment of webs, comprising a 
nozzle (50), which directs a drying and support- 
ing gas flow (SO at the web (W) and which has a 
box construction, and a nozzle space (55) formed 
atone side of the nozzle (50), which nozzle space 
(55) is provided with a nozzle slot (R^ defined by 
nozzle walls (56b,A,), one of which walls oper- 
ates as a curved guide face (A,), which is fitted 
to turn the gas flow (S,) passed out of the nozzle 
slot (R,), based on the Coanda effect, so as to 
make it parallel to the carrier face (KP^ formed 
on the top face of the nozzle (50), characterized 
in that at a distance, in the direction of running of 
the web (W). before said first nozzle slot (R1). at 
least one second nozzle slot (R 2 ) is provided, and 
that, in view of improving the heat transfer coef- 
ficient the flow (S 2 ) guiding fitted in connection 
with the second nozzle slot (R 2 ) is arranged so 
that the flow (S 2 ) has a substantially large veloc- 
ity component (v p ) perpendicular to the direction 
of running of the web (W), and that the velocity 
component (v 5 ) parallel to the plane of running of 
the web (W) of the flow (S 2 ) passed out of the 
second nozzle slot (R 2 ) is larger than zero. 

2. Arrangement of nozzles with negative pressure 
as claimed in claim 1 , characterized in that the 
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guide face of the drying gas flow (S 2 ) blown out 
of the second nozzle slot (R 2 ) consists of the 
edge (A 2 ). 

Arrangement of nozzles with negative pressure 
as claimed in claim 1 or 2, characterized in that 
the distance (HO between the carrier face (KPO 
formed in connection with the first nozzle slot 
(RO and the web (W) is shorter than the distance 
(H 2 ) between the carrier face (KP 2 ) formed in 
connection with the second nozzle slot (R 2 ) and 
the web (W). 



that the ratio of the velocity component (v p ) per- 
pendicular to the running direction of the web (W) 
to the velocity component (v s ) parallel to the run- 
ning direction of the web (W) is 0.4...2.0, prefer- 
ably 0.8...1.5. 
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4. Arrangement of nozzles with negative pressure 

as claimed in any of the claims 1 to 3, character- 15 
ized in that the distance (HO between the carrier 
face (KPO formed in connection with the first 
nozzle slot (RO and the web (W) is 3...10 mm, 
preferably 4...7 mm, and that the distance (H 2 ) 
between the carrier face (KP 2 ) formed in connec- 20 
tion with the second nozzle slot (R 2 ) and the web 
(W) is 6.. .15 mm, preferably 7... 11 mm. 

5. Arrangement of nozzles with negative pressure 

as claimed in any of the claims 1 to 4, character- 25 
ized in that the second gas flow (S 2 ) is directed 
at an angle (u 2 ) of 40°...70° in relation to the run- 
ning direction of the web (W). 

6. Arrangement of nozzles with negative pressure 30 
as claimed in any of the claims 1 to 5, character- 
ized in that the second carrier face (KP 2 ) is shap- 
ed as a recess. 



7. Arrangement of nozzles with negative pressure 
as claimed in any of the claims 1 to 5, character- 
ized in that the second carrier face (KP 2 ) is 
plane. 



35 



8. Method in an arrangement of negative pressure 40 
intended for the treatment of a web, in which 
method the web (W) is supported and dried by 
means of a gas flow (SO which is blown so that 
the gas flow (SO turns and becomes parallel to 
the direction of running of the web (W), charac- 45 
terized in that, besides by means of said first gas 
flow (SO, the web (W) is also supported and dried 
by means of at least one second gas flow (S 2 ). 
which is blown, in the direction of running of the 
web (W), before the first gas flow (SO, and that so 
the second gas flow (S 2 ) is directed so that said 
second flow (S 2 ) has a substantially large velocity 
component (v p ) perpendicular to the direction of 
running of the web (W) and that the velocity com- 
ponent (v s ) parallel to the direction of running of 55 
the web is larger than zero. 



9. Method as claimed in claim 8, characterized in 
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